Background: The clinical characteristics of Takayasu arteritis (TAK) developing in individuals older than 40 years (TAK >40) are little-known. Method: We retrospectively analyzed 43 patients with TAK treated at three hospitals in Japan from April 2000 to March 2016. From medical records we collected baseline variables at diagnosis including clinical symptoms, laboratory data, and subsequent relapses. We compared these indices in the patients with TAK onset at >40 years of age (TAK >40) to those with TAK onset ≤40 years (TAK ≤40). Multiplex cytokine/chemokine bead assays were performed using preserved serum supernatants from 24 patients with TAK and 40 healthy donors.
Background
Takayasu arteritis (TAK) is a type of large-vessel vasculitis that predominantly affects young women [1] . In general, TAK is diagnosed based on The American College of Rheumatology (ACR) 1990 criteria for the classification of Takayasu arteritis [2] , which consist of the following six components: (1) age at disease onset ≤40 years (TAK ≤40); (2) claudication in the extremities; (3) decreased brachial artery pulse; (4) difference between arms in systolic blood pressure of 10 mmHg; (5) bruit over the subclavian arteries or the aorta; and (6) abnormality on arteriogram. Patients with at least three of these components are classified as having TAK. When these ACR criteria were used in a previous study, of 63 patients of TAK, there were only 4 with onset of TAK >40 years of age (TAK >40) [2] . In contrast, in a French study, 32% of patients with TAK had TAK > 40 [3] , which suggests that it is not rare to be diagnosed with TAK >40 years of age.
The patient's age at diagnosis is important in autoimmune diseases. For example, the clinical characteristics of patients with elderly-onset rheumatoid arthritis (RA) are different from those of younger patients with RA [4] . Similarly, age at diagnosis is important in distinguishing TAK from giant cell arteritis (GCA), because both TAK and GCA are categorized as forms of large-vessel vasculitis; in addition, the ACR 1990 criteria for the classification of GCA [5] include the component 'age at disease onset ≥50 years. ' The boundaries between TAK and GCA have become increasingly blurred in the clinical aspects of these conditions [6] . Therefore, age at diagnosis or at disease onset is very important.
Ohigashi et al. reported the clinical characteristics of patients with TAK >40; these patients had significantly more coronary artery disease and hypertension, and significantly fewer instances of aortic regurgitation [7] . However, except for this study, little is known about the relationship between the age of disease onset and clinical characteristics of TAK.
Here we attempted to identify the clinical differences, including relapse and prognosis, in patients with TAK >40 and patients with TAK ≤40. In addition, we evaluated differences in the profile of serum cytokines and chemokines at diagnosis between TAK >40 and TAK ≤40.
Methods

Patients and study criteria
We retrospectively analyzed all patients with TAK who were registered and followed by the Nagasaki University Hospital, Sasebo Chuo Hospital, and NHO Nagasaki Medical Center between April 2000 and March 2016. We included patients with diagnosis based on the ACR 1990 criteria for the classification of TAK [2] . Four patients were excluded because detailed data were missing at diagnosis and/or during the disease course. One patient was excluded because she developed TAK during chemotherapy for ovarian cancer. A final total of 43 patients were included this study (Fig. 1 ). They were all newly diagnosed with TAK and were followed up for at least 6 months. No enrolled patients fulfilled the ACR 1990 criteria for the classification of GCA [5] .
To compare the characteristics of TAK among patients of different age at disease onset, we divided the 43 patients by age at disease onset: >40 years old (the TAK >40 group) and ≤40 years old at disease onset (the TAK ≤40 group). None of the TAK >40 patients had history of symptoms of TAK 40 years of age. TAK >40 fulfilled three or more items in the ACR criteria for TAK without the definition of onset of age. TAK ≤40 also fulfilled three or more items, including age.
Relapse was determined by Japan College of Rheumatology-certified rheumatologists by confirmation of the recurrence of active disease as described [8] . The criteria for relapse were the detection of a new vascular lesion or lesions (aneurysms, stenoses or occlusions, or new irregularities of the arterial wall) in arteries (aorta, innominate, subclavian, axillary, common and internal carotid, vertebral, superior and inferior mesenteric, renal, common iliac, or celiac axis) on angiography (including computed tomography) in patients who had undergone angiography before being evaluated for relapse, or at least two of the following: (1) new onset of carotidynia or pain over the large vessels; (2) transient ischemic episodes not attributable to other factors; (3) new bruit or new asymmetry in pulses or blood pressure determination; (4) ischemic symptoms (including new-onset claudication); and (5) fever in the absence of infection. Angiography was performed when the patient's attending doctor considered it necessary on the basis of the patient's clinical characteristics. We recruited healthy donors (HD) from the staff of Nagasaki University. 
Clinical and laboratory analysis
We collected baseline information at diagnosis, including clinical characteristics and laboratory data and subsequent relapses, by accessing the patients' medical records. The baseline clinical characteristics at diagnosis included age, sex, symptoms, body mass index (BMI), history of smoking, angiographic classification types, and complications including diabetes mellitus (DM) and chronic kidney disease (CKD) (these complications influence vascular conditions), inflammatory bowel diseases (IBD), and pyoderma gangrenosum (PG) (TAK is frequently complicated with IBD or PG).
The initial laboratory data included human leukocyte antigen (HLA) typing, white blood cell count, hemoglobin, platelet count, C reactive protein (CRP), erythrocyte sedimentation rate (ESR), albumin (Alb), and immunoglobulin G (IgG). Baseline information at diagnosis was collected within 2 weeks before treatment started, except for the HLA typing.
We analyzed the corticosteroid doses received in both the initial treatment and on relapse in the 43 patients with TAK who had been followed up for ≥6 months. Information on the use of pulsed methylprednisolone and immunosuppressants including methotrexate, cyclosporine, and tacrolimus was also collected, as was information on the use of biologics including infliximab, adalimumab, and tocilizumab. The corticosteroid doses were calculated as daily prednisolone equivalents. The rate of reduction in the prednisolone dose (mg/month) was calculated using the reduction dose during the 6 months after starting corticosteroid treatment. In particular, we subtracted the prednisolone dose at 6 months after remission from the initial prednisolone dose and we divided the difference by 6 months.
Multiplex cytokine/chemokine bead assays
Multiplex cytokine/chemokine bead assays were performed using diluted serum supernatants and Milliplex Serum obtained from patients with TAK at diagnosis and from HD was centrifuged within 30 minutes at 1500 rpm at 4°C for 5 minutes, and the liquid phase serum was stored at −80°C until use. Serum from HD was divided into two analysis groups of HD older than 40 years (HD >40) and HD who were ≤40 years old (HD ≤40). We compared serum from HD with serum from patients with TAK >40 and TAK ≤40. Serum was obtained from HD in 2013-2015. The earliest obtained serum from a patient at diagnosis was 2009. Multiplex cytokine/chemokine bead assays using serum from patients and HD were performed in 2015-2016.
Statistical analysis
We compared the baseline characteristics, including demographic data, hematologic data, serum markers, treatments, and follow-up duration between the TAK >40 and TAK ≤40 groups. Variables are described using frequencies for categorical variables and with the median and interquartile range (IQR) for quantitative variables. We assessed the association between variables using Fisher's exact test for categorical variables and Wilcoxon's rank sum test for quantitative variables. The relapse-free survival rate after remission was estimated by the Kaplan-Meier method. The association between the relapse-free survival rate and TAK >40 or TAK ≤40 was evaluated by the log-rank test. All tests were twosided and a p value <0.05 was considered significant. The Steel-Dwass test was performed for comparisons of multiplex cytokine/chemokine bead assay results in the four groups, i.e., TAK >40, TAK ≤40, HD >40, and HD ≤40. All statistical analyses were performed using JMP Statistical Software, ver. 11 (SAS Institute, Cary, NC, USA) and GraphPad Prism ver. 7.0 (GraphPad Software, San Diego, CA, USA).
Results
Baseline characteristics
The study population was 43 patients who were identified over the 16-year period. Twenty of the patients with TAK were classified as TAK >40. Table 1 shows the demographic, clinical and laboratory characteristics of the TAK >40 and TAK ≤40 (n = 23) groups. Median age in the TAK >40 and TAK ≤40 groups was 56 and 23 years, respectively. The positive rate of HLA-B52, the rate of complications, and angiographic classification were not significantly different between the two groups.
In contrast, the TAK >40 group had significantly lower rates of orthostatic hypotension (2 (10%) vs. 10 (43%), p = 0.019), carotid bruit (7 (35%) vs. 16 (70%), p = 0.034) and chest pain (0 (0%) vs. 6 (26%), p = 0.023) at diagnosis compared to the TAK ≤40 group. There were no significant between-group differences in CRP or ESR. Furthermore, because we could not eliminate the potential bias in the diagnosis of TAK by using the criterion TAK >40 Takayasu arteritis onset after age 40 years; TAK ≤40 TAK onset age 40 years or younger, BMI body mass index, DM diabetes mellitus, CKD chronic kidney disease, IBD inflammatory bowel diseases, PG pyoderma gangrenosum, WBC white blood cell count, Hb hemoglobin, Plt platelet, CRP C reactive protein, ESR erythrocyte sedimentation rate, Alb albumin, IgG immunoglobulin. *p < 0.05 of age at disease onset, we extracted TAK ≤40 who fulfilled at least three of the five criteria excluding the criterion of age at disease onset from the whole TAK ≤40 group and then compared these patients with the TAK >40 group (Table 2 ). In the TAK ≤40 group, 14 out of 23 patients fulfilled at least three of the five criteria excluding the criterion of age at disease onset. Patients with TAK ≤40 who fulfilled at least three criteria excluding the age criterion had significantly more headaches, dizziness, orthostatic hypotension, upper limb pain, chest pain and lower hemoglobin levels compared to the TAK >40 group; however, there were largely no differences as compared with the data in Table 1 .
Treatments Table 3 shows the characteristics of the treatments administered to the TAK >40 and TAK ≤40 groups. The initial prednisolone dose was significantly lower in the TAK >40 compared to the TAK ≤40 group (median 30 mg vs. 40 mg per day, respectively, p = 0.024). The initial prednisolone dose per kg of body weight was also significantly lower in the TAK >40 compared to the TAK ≤40 group (0.55 mg/kg per day vs. 0.80 mg/kg per day, p = 0.048). There were no significant between-group differences in the other immunosuppressants. Five patients in the TAK ≤40 group were treated with infliximab compared to none of the patients in the TAK >40 group. There were no significant between-group differences in the rate of reduction in the dose of prednisolone or follow-up duration.
Outcomes
We evaluated the relapse-free survival rates in the TAK >40 and TAK ≤40 groups, and observed that the TAK >40 patients had significantly fewer relapses as assessed by the log-rank test (p = 0.029) using the Kaplan-Meier method (Fig. 2) . There was no significant difference in surgical intervention (p = 0.68), and only one patient died, due to pancreatic cancer.
Multiplex cytokine/chemokine bead assay
We performed a multiplex cytokine/chemokine bead assay using serum from patients with TAK >40 and patients with TAK ≤40 obtained at diagnosis (Fig. 3) . We obtained serum from 10 patients with TAK >40, 14 patients with TAK ≤40, 18 HD >40, and 22 HD ≤40. Median age in the HD >40 and HD ≤ 40 groups was 46 years and 33.5 years (IQR 43-52 and 30-38 years), respectively. The TAK >40 group had significantly lower IL-17 compared to the TAK ≤40 and the HD >40 groups (median (IQR) 1.1 (0.2-2.5) pg/mL for TAK >40; 8.4 (2.6-17.8) pg/mL for TAK ≤40; 5.1 (3.5-9.0) pg/mL for HD >40; and 9.4 (6.0-39.5) for HD ≤40). In the complete series of 24 patients with TAK, IL-6 was significantly higher in the HD >40 and the HD ≤40 groups (median (IQR) 26.9 (8.1-65.2) pg/mL; 23.4 (8.2-56.1) pg/mL; 0.6 (0-2.1) pg/mL; and 1.4 (0-5.5) pg/mL, respectively). TNF-α in the TAK >40 group was significantly higher than that in the HD >40 group (16.3 (11.2-22.1) pg/ mL for TAK >40; 13.5 (10.0-21.0) pg/mL for TAK ≤40; 7.1 (5.3-9.4) pg/mL for HD >40; and 8.3 (6.9-13.0) pg/ mL for HD ≤40 ). However, there were no significant differences in IL-6 or TNF-α between the TAK >40 and TAK ≤40 groups. There were no significant differences between the TAK >40 and TAK ≤40 groups in IFN-γ, IL-2, IL-4, IL-5, IL-8, IL-10, IL-13, GM-CSF, or RANTES (Fig. 3 ). There were no further significant differences between the TAK >40 and TAK ≤40 groups in the other cytokines/chemokines analyzed by bead assay.
Discussion
The results of the present study revealed that there are some important clinical differences between patients with an onset at age >40 years and those with onset at age ≤40 years. The TAK >40 group had significantly fewer instances of orthostatic hypotension, carotid bruit and chest pain at diagnosis. These clinical manifestations may be caused by damage to the aortic arch and heart. Individuals with TAK often experience relapses, even after remission. It was reported that 72% of patients with TAK experience multiple relapses within 6 months after the dose of prednisolone is tapered to <10 mg daily [9] . It is also reported that a >1.2 mg/month reduction rate in the dose of prednisolone predicts subsequent relapse [7] . However, the factors at diagnosis that could be used to predict subsequent relapse of TAK following remission have not previously been elucidated. Our present findings revealed that the TAK >40 group experienced fewer subsequent relapses compared to the TAK ≤40 group. This also suggests the disease characteristics of TAK differ by age. In addition, it is of note in the present study that the TAK >40 group was treated with lower initial doses of prednisolone to achieve remission compared to the TAK ≤40 group. We assume that each attending physician reduced the initial prednisolone doses in the TAK >40 group because of the risk of the adverse effects of prednisolone, such as infections in the elderly.
Previous investigations revealed that a skewed activation of T helper (Th)1 and Th17 pathways in patients with TAK contributes to the systemic and vascular manifestations [10, 11] . In patients with active TAK, the expression of IFN-γ, IL-12 and IL-17 is detected within aortic inflammatory infiltrates [10, 11] , and the increased frequency of IFN-γ-producing and IL-17A-producing T cells and the increased production of Th1-related and Th17-related cytokines from peripheral blood mononuclear cells (PBMCs) has been observed [10] . Conversely, the change in Th2 or T regulatory cell (Treg) subsets may not be determined [11] . We thus attempted in the present study to determine TAK >40 Takayasu arteritis onset after age 40 years; TAK ≤40 TAK onset age 40 years or younger, BMI body mass index, DM diabetes mellitus, CKD chronic kidney disease, IBD inflammatory bowel diseases, PG pyoderma gangrenosum, WBC white blood cell count, Hb hemoglobin, Plt platelet, CRP C reactive protein, ESR erythrocyte sedimentation rate, Alb albumin, IgG immunoglobulin. *P < 0.05 whether the expression of cytokines/chemokines in serum are different in patients with TAK >40 compared to those with TAK ≤40.
We observed that IL-6 and TNF-α were higher in patients with TAK compared to the HD, which is compatible with previous studies using ELISA [11] [12] [13] . Our present data suggest a new insight, i.e., that patients with TAK >40 have relatively lower IL-17 compared to those with TAK ≤40. Furthermore, this study demonstrated no differences in IL-17 between the HD >40 and in HD ≤40 groups, which is compatible with a previous study showing that IL-17 does not differ between younger and older HD [14] . These observations may refute the possibility that the decline of IL-17 in patients with TAK >40 simply depends on advancing age. The present clear differences in IL-17 by age might explain the previous result, as patients with TAK in the previous study had a relatively wide age range at disease onset [11] .
We observed no significant differences in Th1-related cytokines, including IFN-γ and IL-2 and Th2-related cytokines, including IL-4, IL-5, and IL-13, between the TAK >40 and TAK ≤40 groups. Glucocorticoids are a standard part of the treatment of TAK, and a previous study demonstrated a decrease in Th1-derived cytokines (e.g., IFN-γ) produced from PBMCs after glucocorticoid treatment, whereas the production of Th17-derived cytokines (e.g., IL-17A) was not inhibited [10] . Misra et al. also reported that IL-17 levels do not change with different immunosuppressive treatments [15] . Differences in IL-17 in the TAK >40 and TAK ≤40 groups, may suggest differences in the pathophysiological etiology of two groups. These data suggest that exploration of Th17 cell pathways is important to predict the disease outcome in TAK. In this regard, it is very interesting to note that the serum levels of IL-17 were low in our TAK >40 group, and that the clinical characteristics were less severe in those patients compared to patients in the TAK ≤40 group. A cross-sectional study showed a correlation between serum IL-6 and TAK disease activity [11] , but this was the first report to describe an association between serum cytokines/chemokines and the outcome of TAK that may contribute to the effect of age.
By contrast, elevated serum IL-17 in patients with TAK compared to HD have been reported previously [15] . In addition, Saadoun et al. report that addition of serum from patients with active TAK to sorted CD4-positive T cells from HD in culture medium induces significant production of IL-17A, but only weak expression of IL-17A in patients with active TAK was observed within aortic inflammatory infiltrates [10] . There are some differences between these studies and ours in the characteristics of the patients included and the HD and methods, including the assay and sample handling. Furthermore, serum levels of cytokines and chemokines may not necessarily reflect what is occurring in the tissues. Therefore, it is necessary to exercise caution when considering the pathophysiology of TAK. Our study has some limitations. First, we could not eliminate potential bias in the diagnosis of TAK by using the criterion of age at disease onset. Because TAK classification criteria include the criterion of age at disease onset ≤40 years, a prospective study is absolutely imperative to eliminate bias in the diagnosis of TAK. To partially address this problem, we also performed comparison of patients with TAK ≤40 who fulfilled at least three criteria excluding the age criterion and those with TAK >40. Second, more cases are needed to confirm these results, particularly in assessing the results of multiplex cytokine/chemokine bead assays. However, this study is valuable as a hypothesisgenerating study. Third, we could not assess the T cell subpopulations using fluorescence-activated cell sorting because this was a retrospective study. We plan to analyze T cell subpopulations in patients with TAK >40 and TAK ≤40 in the future. Fourth, we used the ACR criteria to differentiate TAK from GCA and to exclude GCA. TAK and GCA appear more similar than different, based on clinical and pathological findings [16] . In contrast, Michel et al. insisted that GCA and TAK were easily definable and separable disorders, even when the typical age barrier of 40 years at Fig. 3 Results of a multiplex cytokines/chemokine bead assay using serum obtained at diagnosis from patients with Takayasu arteritis (TAK) with disease onset over 40 years of age (TAK >40, n = 10) and age at disease onset of 40 years or younger (TAK ≤40, n = 14). Serum from healthy donors (HD) older than 40 years (HD >40) and from HD 40 years of age or younger (HD ≤40) were compared to serum from the TAK >40 and TAK ≤40 groups. Symbols represent individual patients or donors. Horizontal lines show the median and interquartile range. IFN-γ interferon gamma, IL interleukin, GM-CSF granulocyte macrophage colony-stimulating factor, TNF-α tumor necrosis factor-α, RANTES regulated on activation normal T cell expressed and secreted, N.S. not significant onset of disease was excluded [17] . Although all patients in our cohort did not fulfil the ACR criteria for GCA, this method may be insufficient to exclude it. Fifth, as TAK usually develops insidiously with non-specific symptoms, onset at age >40 years may not correctly reflect the real onset of the disease. However, we assume that there are no differences in the latent duration to the time that subjective symptoms appear and physical changes are identified in both TAK >40 and TAK ≤40. Sixth, the number of patients in the TAK >40 group in this cohort seems high compared to previous studies. This difference may rely on differences in ethnicity and regions. Seventh, in multiplex cytokine/ chemokine bead assays, the duration of preservation of serum differed. In this study, we did not find lower cytokine and chemokine levels in serum that had been preserved for longer periods. However, because the influence of degradation of cytokines and chemokines is unknown, we plan to measure cytokines and chemokines in preserved serum at various time points in our further research.
Conclusions
Patients with TAK >40 had fewer relapses after remission compared to patients with TAK ≤40. The levels of IL-17 in the TAK >40 group at diagnosis were lower compared to those in the TAK ≤40 group. Our findings clarified the relationships between age, clinical characteristics, and profiles of cytokines and chemokines in patients with TAK. 
